When developing new insulating materials, there is, in recent years, a pressure to replace the widely used polystyrene insulation for material, which is more sustainable and more eco-friendly. The shelf life of ETICS insulation on a building is around 25 -30 years and that with proper care and repairs. When the polystyrene insulation is taken down from the building, there is a little to none chance of its recycling due to the residues of mortar and other building chemicals. When the insulation system on a building is repaired or replaced, a big advantage for the environment would be, if the main part of the system, as well as the whole system, would be biodegradable. For the sustainable building industry, the advantage is also in the source of the main raw material, as it is grown naturally instead of being chemically produced, as the polystyrene. That is the place, where the straw based insulating panel comes in. Even the use of the casein glue, which base is also natural, contributes to the environmental importance of this research. This paper if fully dedicated to the complexity of making an insulating panel of rye straw bonded with casein glue.
Introduction
The use of straw from various sources is common all over the world. Historically, the straw was used for roofing and other purposes in buildings everywhere, where straw was available. Depending on the geographical location, the used straw was cereal or rice, etc. Nowadays, the use of straw as a building material is common especially in the developing countries and around the tropical and subtropical climate. [9, 10] The ETICS insulating system was firstly used, in the Czech Republic, in 1993. The system has then well spread throughout the building industry in the Czech Republic and has been implemented on a large number of existing and newly constructed buildings since then. The current production is about 16 millions of square meters, which puts the Czech Republic at the forefront of production per inhabitant in Europe. [1, 3, 4] Currently, the cereal straw, mostly wheat and rye is sometimes used for building houses using straw bales as a heat-insulating padding for wooden walls. Also, but less frequently, parcel straw used as an additional thermal insulation of residential houses. [1] This article deals with the possibilities of using straw as a thermal insulator. The straw is bonded with casein glue, for the purposes of this article.
Binders
Selection of a suitable binder depends primarily on theoretical compatibility of the binder with straw. Other criteria were behavior of binder in external environment, thermal insulation properties, biodegradability, bonding potential and the cost of the binder. For theoretical selection of a suitable binder, a listing of materials recorded as other waste from the EWC Ministry of Environment and a list of currently known bonding agents were compiled. From both of those lists the theoretically suitable materials for bonding straw were selected. [1, 5] From the list of currently known binders, the following materials were chosen: 
Experimental section

The selection of specific raw materials
A rye straw (the straw) was used as filler. It has a golden -yellow color and it was grown on the surroundings of Slavkov. The straw was delivered in bales, the straw bulk density was around 130 kg.m -3 . The bales contained straw straws with length 30 -350 mm with short-term water absorption by total immersion of about 490 % by weight (according to ČSN EN ISO 15148) and humidity of 12% (according to ČSN EN ISO 12570). [1, 6] The main reason for the selection of a casein adhesive is its biological safety and like the cement, its alkaline nature. The casein adhesive, which was used for insulating boards, was manufactured by Kreidezeit in Germany and according to the data sheet, it is a traditional natural formula used more than 3 decades. [1, 2] 
Proposal of the formulas
For straw boards bonded with casein adhesive, two sets of samples were proposed. One set with uncut straw and the other with cut straw. The influence of the straw length and the amount of added adhesive was observed. Figure 1 describes the visual difference between cut and uncut straw. At first, the water : casein adhesive ratio and then, the amount of straw to fill the mold completely, had to be determined. The recommended adhesive : water ratio id 1 : 0,55, but this is more suitable for bonding flooring tiles etc., for the straw boards, this was too thick and the homogenization of the straw mixture in the mold would be problematic. After few experiments the ideal ratio was determined to be 1 : 1, as this was ideal for covering the straws and not too runny. This ratio was later used for all straw boards bonded with casein glue. [1, 3, 7] The next step was to determine the amount of straw to fill the mold completely. The amount was set to 440 g, as it was the exact amount to get the required 80 mm height of the compressed sample. The basic ratio for straw boards bonded with casein adhesive was set to straw : casein adhesive : water be 1 : 0,6 : 0,6. The sample was removed from mold after 24 hours and was hard and cohesive enough. The amount of adhesive was reduced in the following mixtures. The ratios were the same for cut and uncut straw. [1] 
The preparation of casein adhesive bonded straw insulating boards
At first the adhesive was mixed with water and the straw was prepared in the plastic tray. Then the adhesive was poured to the straw and the mixture was manually processed. The mold was filled with the mixture in one layer and the mixture was compressed in the mold with 800 N to homogenize and strengthen the board. This whole process should be done within 10 minutes due to the start of hardening of the casein adhesive. 
Results
The samples with higher amount of adhesive were ready to be demolded after approx. 30 minutes. Other samples were fully hardened after 2 -24 hours. The samples were then kept in laboratory environment for 5 days to fully mature and then were dried for 30 minutes at 40 -50 °C. The mixtures with mixing ratio no. 5 showed only a little consistency and the straws were separating from the surface. Those samples were eliminated from further testing. 
The results of physico-mechanical tests
On samples that were coherent enough a set of physico-mechanical tests was performed. In the table 2, the results of those tests are shown. The bulk densities of straw-casein boards with cut straw reached values from 72 to 92 kg.m -3 . In these samples, almost linear decrease of bulk density dependent on dose of the casein adhesive unlike the boards made of uncut straw. The bulk density in those samples ranged from 76 to 93 kg.m -3 . The samples with straw : casein ratio of 1 : 0,3 with uncut straw were able to maintain the thickness of 80 mm compared to samples with cut straw with the same ratio which reached the thickness about 84 mm. [1] The lowest values of thermal conductivity was measured with the ratio 1: 0,4 (straw: casein), both in straw cut, and uncut. For cut straw, it was λ = 0,045 W.m -1 .K -1 and with uncut λ = 0,046 W.m -1 .K -1 . The samples of strawcasein thermal insulation boards showed a decreasing thermal conductivity with lower dose of the casein adhesive. The sharp increase in the coefficient of thermal conductivity (λ = 0.056 W.m -1 .K -1 ) at a ratio of 1: 0.3 cut straw was probably caused by too low bulk density.
Samples of uncut straw achieved values of λ = 0.046 to 0.049 W.m -1 .K-1 , where specific dependence of thermal conductivity on density or dose of casein adhesive cannot be claimed with certainty.
The measured stress at 10% deformation in the boards with uncut straw varied from 10 N.mm -2 to 13 N.mmm -2 depending on the amount on casein adhesive. The samples with cut straw reached much lower values, under 8 N.mm -2 . An important feature for the proper function of the heat insulations is also the flexural strength, which allows maintaining a thermal insulator mounted on the structure in strong winds, where the suction of the wind is very strong. Good flexural strength also helps to keep the surface treatment on the insulation. The flexural strength was achieved only with uncut straw with high doses of the adhesive. This could be due to the properties of the adhesive, which becomes fragile after hardening. [1] 
Conclusion
It is apparent, that the amount of the used casein adhesive, as well as the treatment of the straw had a significant impact on the properties of the straw boards. The cutting treatment of the straws had a good effect on the consistency of the mixtures and on the cohesion of the samples. However, in most cases, the samples made of uncut straw had better results. This is due to the length of the straw, which gave the mixture more strength as well as better thermal insulating properties, because the straws were lined in the sample more narrow and the heat could not penetrate them so easily. The casein adhesive seems to be a good binder for this type of boards, it hardens quickly and due to its alkaline nature, the boards are stable and do not mildew. Also, the casein is fully natural material, is biodegradable and non-toxic. But the use of casein adhesive has also its downside. The main disadvantages are the higher price, the need to apply high doses of the adhesive and low resistance to water damage.
If the straw-casein boards should be applied in the exterior of the buildings as a part of a ETICS, the surface treatment of the system must be waterproof yet breathable, to avoid both water damage and mildew of the boards.
